Background-New approaches are needed in the treatment of multi-and extensively drug resistant pulmonary tuberculosis (M/XDR-PTB). We evaluated the role of adjunctive surgical therapy in the treatment of M/XDR-PTB in the setting of DOTS-Plus implementation.
INTRODUCTION
The emergence of multidrug-resistant tuberculosis (MDR-TB; resistance to isoniazid and rifampicin) is a major global public health problem and barrier to improving TB control. (1) World Health Organization has estimated a worldwide prevalence of 660,000 cases of MDR-TB and 150,000 MDR-TB related deaths annually. (2) Especially alarming is the increasing prevalence of difficult to treat extensively drug-resistant tuberculosis (XDR-TB; resistance to isoniazid, rifampicin, a fluoroquinolone, and ≥1 injectable agent). Recent data from a multi-country study found that among 1278 patients with MDR-TB, approximately 7% had XDR-TB. ( 3) The increasing number of MDR-and XDR-TB cases portends an uncertain future in global TB control. Current M/XDR-TB treatment regimens are costly, lengthy, toxic, and are associated with poor treatment outcomes as compared to drugsusceptible disease.(1) A resurgence in TB drug development(4) has given reason for optimism; however, improved care for M/XDR-TB is needed now for the many patients living with drug-resistant TB.
A potentially beneficial adjunctive treatment for pulmonary M/XDR-TB patients is thoracic surgery. (5) The increasing prevalence of M/XDR-TB has been paralleled by increasing reports of surgical resections suggesting more frequent use of thoracic surgery in TB management. Additionally, two recent literature reviews found high rates of favorable outcomes among patients with pulmonary M/XDR-TB undergoing adjuvant surgical resection. (5) , (6) More current data on the treatment outcomes of M/XDR-TB patients undergoing surgical resection in settings of DOTS plus implementation will help determine the optimal role of adjuvant surgery.
The country of Georgia is a high burdened M/XDR-TB country as designated by WHO. (7) Georgian National TB program data from 2011 found the prevalence of MDR-TB among newly diagnosed patients to be 10.8% and 31.4% among previously treated TB patients. The prevalence of XDR among those with MDR-TB was 6.4%. Georgia is one of few high burdened M/XDR-TB countries that routinely perform second-line drug (SLD) testing and with the assistance of the Green Light Committee implemented DOTS plus (treatment of MDR-and XDR-TB) in 2008. It is in this setting that we report on the experience of adjuvant surgical therapy for patients with pulmonary M/XDR-TB in Georgia.
PATIENTS AND METHODS

Setting
An observational cohort study design was utilized. The study population consisted of all patients with pulmonary M/XDR-TB who had thoracic surgery performed at the National Center for Tuberculosis and Lung Diseases (NCTBLD) in Tbilisi, Georgia, between October 2008 and February 2011. General criteria for surgical intervention included M/XDR-TB, failure of medical therapy (persistently sputum culture positive and/or positive preoperative sputum culture), a high likelihood of treatment failure or disease relapse, localized lesion, and sufficient pulmonary function to tolerate surgery. A high likelihood of treatment failure or disease relapse was determined by level of drug resistance, current treatment regimen, and presence of significant parenchymal lung damage (cavitary and/or destroyed lung). Contraindications for surgery included a FEV 1 < 1000 ml, severe malnutrition, or patients at high risk for perioperative cardiovascular complications (8) . The final decision to offer adjunctive surgery was reached by consensus opinion of the NCTBLD Drug Resistance Committee. Medical treatment regimens were individualized based on drug susceptibility (DST) results and guided by WHO criteria.(9) Regimens were designed to include ≥4 active drugs based on DST and included a fluoroquinolone and either kanamycin or capreomycin. Treatment was given by directly observed therapy (DOT). The NCTBLD and Emory University institutional review boards approved the study.
Laboratory
All cultures and DST were performed at the Georgian National Tuberculosis Reference laboratory. Sputum cultures were performed monthly until three consecutive negative sputum culture results and then every two to three months until treatment completion. Decontaminated sputum samples were inoculated into both Löwenstein-Jensen media and the BACTEC MGIT 960 broth culture system. For all M. tuberculosis positive sputum cultures, first-line and second-line DST were performed using the absolute and proportion concentration methods, respectively as previously described.(10) Pyrazinamide testing was performed using the MGIT960 liquid broth system.
Surgery
All patients were admitted to the hospital prior to surgery for counseling and evaluation. Preoperative evaluation included chest radiography and computed tomography for localizing the TB lesions, bronchoscopy for visualizing the airways and ruling out bronchial lesions, electrocardiogram, and spirometry assessing lung function. Laboratory analyses included a complete blood count, chemistry panel, and HIV serologic testing.
In regards to the surgical procedure, all patients received general anesthesia, were intubated with a double lumen endotracheal tube, and had a chest tube placed. Resections were approached through a posterolateral thoracotomy. The type of resection was based on the extent of the pulmonary lesion. Bronchial stump closure was performed using propylene sutures and stapled binding. No specific pre-emptive techniques were used to protect the bronchial stump. The chest tube was removed 24-48 hours after surgery. Patients received aggressive postoperative physiotherapy while in the hospital. Postoperative follow up was conducted at NCTBLD outpatient clinics.
Patients were expected to remain on anti-tuberculosis drugs for 12-24 months after surgery depending on when they achieved negative sputum; however some patients defaulted treatment and did not reenter care. We attempted to contact these patients approximately 12 months after default. For those who could be traced and returned to clinic, a follow up interview, chest radiography and sputum culture were performed. Final treatment outcomes were determined by WHO criteria.(9) A favorable outcome was defined as cure and/or treatment completion; a poor outcome was defined as treatment failure, death during treatment, and default (with the below exception). Patients who defaulted treatment but had no evidence of TB disease by history or imaging, and had a negative follow up sputum culture were considered to have a favorable outcome. Operative mortality was defined as any death occurring 1) within 30 days after surgery in or out of the hospital, or 2) after 30 days during the same hospitalization subsequent to the operation. (11)
Data Analysis
Data were collected and managed using a REDCap database.(12) Medical chart abstraction was performed to collect information on demographics, medical history, TB treatment history, chest imaging findings, surgical therapy, and TB treatment outcomes.
Statistical analysis was performed using SAS version 9.3. Differences in categorical variables were tested using the Chi-square test and for continuous variables a two-samples ttest was used. A p value <0.05 was considered significant.
RESULTS
Patient Characteristics
A total of 75 patients with pulmonary M/XDR-TB underwent adjuvant surgical resection ( Table 1 ). The mean age was 30 years and 47 (63%) were male; 31% of patients were infected with hepatitis C, 8% had diabetes mellitus, and one person had HIV infection. There were high rates of tobacco (36%), alcohol (15%), and injection drug use (11%). Most patients had a BMI ≥18.5 kg/m 2 (83%) and a FEV 1 ≥ 2000 ml (91%).
Most patients (60%) were retreatment TB cases who had been previously treated with either first (47%) or second-line drugs (13%); 32% of those undergoing surgical therapy had XDR-TB. Patients were receiving a median of 6 anti-tuberculosis drugs and had been receiving M/ XDRTB treatment an average of 342 days prior to surgery. Almost all patients (95%) had cavitary disease on chest radiograph; 16% had bilateral cavity disease. Twenty seven percent had a positive pre-surgery sputum culture for M. tuberculosis. Those patients with a negative preoperative sputum culture had a prolonged period of infectiousness and delayed culture conversion as demonstrated by a mean time of sputum culture positivity after initiation of M/XDR-TB treatment of 200 days.
Surgery
The most common indication for surgery was a high likelihood of treatment failure or disease relapse (63%) followed by medical treatment failure (36%), and massive hemoptysis (1%) ( Table 1 ). All patients had surgical resection performed including lobectomy (54%), segmentectomy (35%), and pneumonectomy (11%) ( Table 2 ). Seven patients (9%) experienced a major or minor postoperative complication. Four patients (5%) developed a bronchopleural fistula while one patient each developed a postoperative empyema (1%) and hemorrhage (1%). There were no cases of operative mortality (within 30 days or during the hospitalization subsequent the operation). Minor complications occurred in one patient who had both a pneumothorax and postoperative surgical site wound infection. A subsequent surgical procedure was required in 3 (4%) patients; two had surgical bronchopleural fistula repair while another had a repeat thoracotomy for postoperative hemorrhage. The mean duration of postoperative hospital stay was 21 days.
Treatment Outcomes
Treatment outcomes were available for 72 of 75 patients ( Figure 1 ) (3 patients left Georgia after surgery). The mean follow up after surgery was 379 days. Favorable outcomes were achieved in 59 (82%) patients including 90% in those with MDR-TB and 67% in XDR-TB patients. Favorable outcomes in the 59 patients included 49 with cure (68%), 6 (8%) who completed treatment, and 4 (6%) patients who defaulted before completing treatment but upon further follow up had no evidence of active TB disease and appeared to be cured (no TB symptoms, normal chest radiography and negative sputum culture). The 4 defaulted patients with a favorable outcome received a mean 377 days (range 313-449) of M/XDR-TB treatment before surgery and 217 days (range 171-276) after surgery. Of the 13 (18%) patients with unfavorable outcomes, 4 (5.5%) died, 4 (5.5%) experienced treatment failure, and 5 (7%) defaulted treatment (2 patients remained sputum culture positive 12 months after default and 3 were lost to follow up). The four deaths occurred between 8-14 months after surgery and were related to progression of TB disease. Two of these deaths occurred in patients who defaulted from TB treatment. Immediate postoperative sputum culture conversion to negative occurred in all 19 patients with positive preoperative sputum cultures; however, 4 reverted their sputum culture to positive within four months and subsequently experienced treatment failure.
Risk Factors for a Poor Outcome
In univariate analysis, variables significantly associated with poor outcomes included factors related to extent and burden of TB disease, drug resistance, and surgery related complications. Patients with poor outcomes were more likely to have bilateral disease (62% vs. 27%, p =0.02) and bilateral cavitary disease (39% vs. 12%. P=0.02) as compared to those with favorable outcomes. Additionally, patients with poor outcomes had higher rates of XDR disease (62% vs. 27%, p=0.02) and positive preoperative sputum cultures (77% vs. 14%, p <0.001) than those with favorable outcomes. Patients with a poor outcome also received on average less known effective drugs based on DST (1.9 vs. 2.8, p=0.03) and were more likely to have a major postoperative complication (23% vs. 5%, p=0.03) compared to patients with favorable outcomes.
COMMENT
Utilizing a combination of individualized medical treatment for M/XDR-TB (based on WHO guidelines)(9) and adjunctive surgical therapy we attained a high rate of favorable treatment outcomes (82%) in a cohort of patients with chronic pulmonary M/XDR-TB. This included favorable outcomes in 90% of those with MDR-TB and 67% with XDR-TB. The high rate of favorable outcomes was achieved in patients with high levels of drug resistance, prior TB treatment, bilateral disease, and prolonged sputum culture positivity. The favorable outcomes among those undergoing adjunctive surgery were notably higher than those reported for the first cohort of patients treated for M/XDR-TB in Georgia (53%).(13) Our experience as well as others (5) suggest that adjunctive surgery be considered in selected patients with highly drug-resistant TB in an effort to improve treatment outcomes.
While the 2012 WHO Global TB report documents progress in TB control it also describes the response to MDR-TB as inadequate and slow. Only 30 of 107 countries reporting MDR-TB treatment outcomes achieved the target treatment success rate of ≥75%.(2) Additionally, an individual patient data meta-analysis of >9000 MDR-TB patients found a 54% treatment success rate.(14) XDR-TB treatment outcomes are worse with a 560 patient meta-analysis finding a favorable outcome rate of 44%.(15) New drugs have shown promising results in clinical trials (16, 17) and have led the FDA to approve bedaquiline for use in MDR-TB. (18) While bedaquiline and other drugs in development offer great promise it is unlikely they will reach all M/XDR-TB patients soon and there impact in enhancing cure rates remains to be determined. The suboptimal outcomes achieved with existing medical therapy stress the need to evaluate other adjunctive treatment options including surgical resection.
The purpose of surgery is to remove a large, focal burden of bacilli present in necrotic and nonviable lung tissue. By removing the main focus of infection, it may be possible to prevent further disease spread and allow medical therapy to work better. Two potential mechanisms by which the tuberculous cavity hinders effective medical therapy include reducing drug penetration and providing an environment conducive to drug resistance amplification. (19, 20) While no clinical data exists for second-line drugs, older studies found reduced cavitary penetration of isoniazid and rifampicin. (19) Studies finding worse outcomes among MDR-TB patients with severe cavitary disease compared to those without cavitary disease provide indirect evidence for poor second-line drug penetration into cavitary lesions. (21, 22) The concern of amplified drug resistance has been highlighted by recent data from the Preserved Effective Tuberculosis Treatment Study which found up to 20% of MDR-TB patients developed new and increasing phenotypic drug resistance during second-line drug treatment.(23) Based on reports from our group (24) and another(20) a major site of amplified drug resistance may be the tuberculous cavity. We found increasing drug resistance in 16% of M. tuberculosis isolates recovered from resected cavitary tissue as compared to sputum isolates in M/XDR-TB patients undergoing surgical resection. (24) Our high rate of favorable outcomes (82%) is similar to those seen in other studies of M/ XDRTB patients undergoing adjunctive surgery. In a recent review of 18 case series, totaling 964 highly drug-resistant pulmonary TB patients (895 MDR and 69 XDR) undergoing adjunctive surgical resection, the median rate of favorable outcomes was 89.5%. (5) Our cohort includes the second largest reported series of XDR-TB patients to undergo adjunctive surgical therapy (25) and only a few other studies report similar or higher level of documented drug resistance. (26) (27) (28) Our results highlight and support the potential benefit of surgery in patients with high levels of drug resistance and limited medical treatment options.
In addition to a high rate of favorable outcomes, low rates of postoperative surgical complications (9%) were observed and there was no perioperative mortality. Our complication rate was lower than most reports (5) and demonstrates surgery can be performed safely in carefully selected patients. Our most common complication was bronchopleural fistula (5%), which is the most frequently reported major post surgical complication in the literature. (19, 29) The issue of bronchial stump reinforcement as a means of decreasing rates of bronchopleural fistula remains an unresolved issue. While one study found that no bronchial reinforcement was related to an increased incidence of bronchopleural fistula,(30) others have noted a low incidence of bronchopleural fistula in patients with and without bronchial reinforcement. (25, 31, 32) We did not perform bronchial reinforcement and had rates of bronchopleural fistula similar to other studies. There was no operative mortality in our series and the four patients who died among our cohort were all late deaths (8-14 months after surgery) due to the progression of TB. Two patients that died left the hospital against medical advice and defaulted, highlighting the challenges in completing a full course of M/XDR-TB treatment.
Risk factors associated with poor outcomes in univariate analysis indicated more severe TB disease. Specifically, bilateral disease, increasing drug resistance, and persistent sputum culture positivity were all significantly associated with poor outcomes. While these factors were associated with a poor outcome many of these patients still had a favorable outcome. Unfortunately, there is very limited literature on risk factors for poor outcome among M/ XDR-TB surgical patients. A study from Latvia found that less drug resistance was associated with favorable outcomes (28) and another study from Korea found low BMI, increasing drug resistance, and bilateral disease were associated with poor outcomes.(33) An issue with all reported M/XDR-TB surgery studies including ours is limited sample size, making it difficult to conduct a meaningful multivariate analysis evaluating risk factors for a poor outcome.
The criteria we used for selecting patients for adjunctive surgery were similar to those first proposed by Iseman (34) and subsequently adapted by most groups performing thoracic surgery in M/XDR-TB patients.(5) These include patients with M/XDR-TB who have a localized lesion amenable to resection, treatment failure despite aggressive medical treatment, and patients with a high risk of relapse. The WHO (9) and Partners in Health(35) support similar surgical indications for drug-resistant TB and stress the importance of specialized surgical facilities and experienced surgeons. All studies of adjunctive surgery for M/XDR-TB were performed at either hospitals affiliated with national TB centers or specialized thoracic surgery centers. Our study was conducted at the Georgian National Tuberculosis Center Thoracic Surgery Center and is one of the few to be conducted in a low to middle-income country. (5) The optimal timing of adjunctive surgery remains unknown and has not been adequately addressed in treatment guidelines or clinical studies.
A limitation of our study is the lack of a non-surgical control group, which prevented us from evaluating whether adjunctive surgery provides additional benefit in improving pulmonary M/XDR-TB treatment outcomes beyond medical treatment. To address the essential question of whether adjunctive surgery improves outcomes among patients with M/ XDR-TB, a randomized controlled trial is needed. Given the challenges in conducting such a study, we suspect that it is unlikely to be performed. One alternative study design would be to use people who are recommended but refuse surgery as a control group. Another alternative is to evaluate the effect of adjunctive surgery on treatment outcomes in large cohorts of M/XDR-TB patients, some who undergo thoracic surgery. In a study of 380 M/ XDR-TB patients in Georgia we found that after controlling for confounding risk factors adjunctive surgery significantly decreased the risk of a poor outcome (aOR 0.28, 95% CI 0.12-0.62). (13) Other comparison studies have shown similar results;(5) however, none of the studies including ours was designed specifically to assess the impact of surgery on outcomes and likely did not control for all confounders.
In summary, our experience in Georgia demonstrates that adjunctive thoracic surgery can be performed safely and along with appropriate medical treatment lead to high rates of favorable outcomes among patients with cavitary M/XDR-TB. In settings that have the proper surgical expertise and facilities, surgical resection should be considered in M/XDR-TB management. While further studies such as randomized controlled trials are needed to definitively address the benefit of adjunctive surgery, available evidence supports a beneficial role for surgical therapy among patients with pulmonary M/XDR-TB. 
